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SUMMARY
The effect of Quartermate pre-milking teat sanitation on milk quality w as
investigated in tw elve dairy herds over a period of eight w eeks. Pre-milking teat
sanitation w as carried out on all cows for six weeks on each of six farms and
mesophile and thermophile bacteria counts of raw  milks w ere compared before the
milk line (“cluster” samples), and at various points w ithin milking plants. Rates of
mastit is, vat milk iodide levels and specif ic bacteria w ere also monitored.
In untreated herds, mesophile but not thermophile bacteria show ed evidence of
accumulation in milking plants, resulting in higher vat milk mesophile counts (mean:
2194 cfu/mL) compared to cluster milk (mean: 523 cfu/mL). Increases in mesophile
numbers occurred at the pre-f ilter stage. In herds that had pre-milking teat sanitation,
mean mesophile counts of cluster and vat milk samples w ere 520 and 646 cfu/mL
respectively.
Pre-milking teat sanitation w as associated w ith low er rates of detection of Bacillus
spp. and S. epidermidis in milk samples collected at the cluster. There w as indirect
evidence that colonisation of milking plants w as effected by Micrococcus,
Microbacterium, Leuconostoc, non-mastitis Streptococci, coryneforms and S.
epidermidis, but this needs to be confirmed w ith identif ications of bacteria in cluster
and vat milks. Bacteria counts of vat milk samples stored for 18 hours at 10°C and
4°C w ere not signif icantly different, possibly due to low  numbers of psychrotrophic
bacteria, such as Pseudomonadaceae, entering the milk line.
New  cases of mastitis w ere reduced in herds using pre-milking teat sanitation, a
result consistent w ith previous research. Prevention of mastitis w as measured
against baseline levels of somatic cells and mastitis bacteria w hich did not vary
signif icantly in the treated and untreated milking herds that w ere studied.
Quartermate premilking teat sanit iser introduced low  amounts of iodide (40µg/Litre)
to vat milk. How ever, iodide levels w ere mainly affected by at least tw o other factors.
In some herds high levels of vat milk iodide w ere associated w ith large numbers of
soil bacteria. In other herds, relatively high concentrations of vat milk iodide w ere
associated w ith residual pre-milking iodophore plant sanitiser and low  levels of soil
bacteria.
Larger herds, higher producing cow s and more intensive farming w ill put greater
pressure on dairy hygiene. Pre-milking teat sanitation has the potential to help
prevent problems that tend to be magnif ied in intensive systems or w hen the risk of
teat soilage is high.
These studies confirmed that pre-milking teat sanitation reduced microbial and
environmental contamination of raw  milk. Mastitis, soil-borne chemicals, spores,
milking plant biofilm and bulk tank bacteria counts w ere signif icantly reduced using
Quartermate pre-milking teat spray and w ipe.
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INTRODUCTION
Pre-milking teat sanitation reduces bacteria teat loadings and environmental and
infectious mastitis. Other benefits include reductions of inanimate residue, total
bacteria and spore counts in bulk tank milk (Pankey, 1989; Pankey and Dreschler,
1993).
Pre-milking sanitation of teats is not routinely practised in Australia. Instead, strategic
cleaning is mainly used to remove visible dirt from teats. How ever, f ine dust that
collects on teats in the Australian summer is not readily visible, consequently soil-
borne spore counts of raw milk increase during the summer-autumn period. The risk
of soil contamination of teats is greater on dryland compared to summer irrigated
pastures (Depiazzi and Bell, 1997).
Teat contamination is minimal during spring in Western Australia w hen cows are
grazed on green pasture. At this time, total bacteria counts of less than 100 cfu/mL
are often recorded in milk samples collected at the cluster. Bulk tank spore counts
increased in association w ith the amount of soil gaining entry to milk via soiled teats.
Spore counts declined rapidly w ith the onset of rain and renew ed pasture growth
(Depiazzi and Bell, 1997).
Research in Western Australia demonstrated 70 per cent reductions of bulk tank
spore counts using pre-milking teat sanitation. The results w ere consistent w ith
similar reductions of spores in raw milk in housed cow s in the Northern Hemisphere .
Further investigations confirmed that bulk tank spores are reduced by sanitising and
wiping teats using Quartermate pre-milking teat sanit iser (Appendices A and B). In
these experiments, thermophiles consisted almost entirely of sporeforming Bacillus
spp. other than B. cereus, and w ere also controlled by pre-milking teat sanitation.
Monitoring in Western Australia show ed that at least a third of bacterial contaminants
in bulk tank milk consisted of species that are likely to form biofilm in milking plants.
In preliminary experiments, Quartermate pre-milking teat sanitation w as associated
with reduced numbers of vegetative bacteria released from milking plants during
milking (Appendices A and B). It w as therefore decided to investigate relationships
betw een teat surface bacteria, pre-milking teat sanitation, and bacteria associated
with milking plants.
Chemical contamination of raw milk via soiled teats is a risk in pasture based dairy
farming w ith the use of chemical and fertiliser applications on land, recycling of
eff luent on pasture and less frequently, disposal of contaminated milk. Relationships
betw een teat soilage, milk iodine levels and soil-borne thermophiles w ere examined
to provide information on risks of soil-borne contamination during milk harvesting.
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AIMS
1. To determine the effect of Quartermate pre-milking teat sanitation on mesophile
and thermophile bacteria in raw  milk from the teat surface, the milk line and milk
storage.
2. To evaluate the effect of short term pre-milking teat sanitation on new  mastitis
cases.
3. To assess vat milk iodine levels in relation to Quartermate pre-milking teat
sanitation and milking plant iodophore sanitation.
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METHODS
Milk samples
Tw elve commercial dairy farms w ere each sampled during afternoon milkings at the
ends of six fortnightly periods. The follow ing milk samples w ere collected from each
farm (Figure 1):
• Cluster: Cluster assemblies w ere sterilised by autoclaving at 121°C for 1 hour
then attached to the milking plant before the afternoon milking at the end of each
sampling period. Drip samples of milk w ere collected from at least 10% of the herd
using a T-piece (designed by Australian National Milk Harvesting Centre) and bott le
attached to the long milk tube in a sterile cluster assembly. Drip samples w ere pooled
for laboratory analyses.
• Pre-filter and pre-vat: A sample w as collected from pre-f ilter and pre-vat
points of the milk line for each batch, other than the f irst batch, of cows during
milking. Samples from each point w ere pooled.
• Vat: A sample w as taken from agitated milk in the bulk tank at the end of milking.
• Vat10: A separate vat sample w as incubated at 10°C for 18 hours before
bacterial counts w ere conducted. Milk samples other than Vat10 w ere held at 4°C for
18 hours before testing.
Total aerobic mesophile, thermophile and somatic cell counts w ere carried out on all
milk samples. Bacteria w ere counted by pour plate method (Australian Standard AS
1766.1.3 1991) using 0.5 mL samples of milk and results w ere the mean of ten
replicate plate counts. Thermophiles w ere defined as bacteria that grew  aerobically
at 55°C in 48 hours. Mesophiles w ere grown aerobically at 30°C for 72 hours.
Vat
sample
Sterile cluster
Filter
Cluster sample taken
from sterile long milk
tube
Pre-filter
sample
Pre-vat
sample
Figure 1 Sampling points in  the milk-line.
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Figure 2 show s the geographical location of farms used in the investigation.
Culture and identification of bacteria
Cluster samples w ere cultured to identify common mastitis pathogens
(Staphylococcus aureus; Staphylococcus epidermidis; Streptococcus agalactiae;
Streptococcus dysgalactiae; Streptococcus uberis), in addition to coryneforms, gram
positive cocci/rods (Micrococcus; Microbacterium; Leuconostoc; Streptococcus spp.)
and environmental bacteria (Bacillus spp; Flavobacterium; Pseudomonadaceae;
Enterobacteriaceae). Milk samples w ere plated onto Columbia blood agar (Oxoid),
MacKonkey agar (Oxoid), Streptococci colistin-oxolinic blood agar (Oxoid),
Staphylococci-Streptococci blood agar (Oxoid) and Pseudomonas C-F-C agar
(Oxoid). Colonies w ere examined for Gram’s stain, cellular morphology, catalase,
oxidase, haemolysis, size and texture. Results of these tests, together w ith
aerobiosis and motility results, w ere used to determine requirements for further
taxonomical tests. Staphylococcus spp. and Streptococcus spp. were tested for
coagulase/protein A and Lancefield grouping respectively. Streptococci that w ere
negative for Lancefield group w ere identif ied w ith API strep kits. Gram negative,
catalase positive and oxidase negative rods w ere tested w ith API 20E kits and Gram
negative, oxidase positive rods w ere identif ied w ith API 20NE kits. Teat sanitation
Pre-milking teat sanitation w as carried out on every cow milked during the third,
fourth, f if th and sixth sampling per iods on six of twelve farms. Teats w ere sprayed
with Quartermate using vacuum or pump operated sprayers to the point of dripping.
Contact time of 15 - 20 s w as allow ed before w iping the teats w ith single serve paper
tow els. Cow s on control farms, and treatment farms during the f irst tw o sampling
periods, received no pre-milking sanitation treatment. An extra labour unit w as
employed on treatment farms to carry out pre-milking teat sanitation. All farms used
0.5% iodophore post-milking teat spray. Teat sanitation began on the f irst day of
period 3 on treatment farms. Hence sampling per iods 1 and 2 represented "no
treatment" periods and periods 3, 4, 5 and 6 represented treatment periods for milk
samples.
Location of farms
used in the
investigation
Figure 2 Location  of dairy farms in  the South  West of Western  Australia
that were used for the trial.
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Mastitis and teat condition
Total numbers of new  mastitis cases, and numbers of cows within, and greater than,
60 days lactation per 100 cows were recorded for each sampling period. Farm data
was collected and statistics calculated for the tw o weeks prior to each sampling
period. Hence period 3 represented the "no treatment" baseline and periods 4, 5 and
6 represented treatment periods for mastitis information. Teat soiling (high, low) and
teat condition w ere estimated visually at f inal afternoon milkings at each sampling
period. Teat condit ion w as scored according to the follow ing system: Normal: score
1; red discolouration and sw elling after milking: score 2; small haemorrhages at the
teat end: score 3, and haemorrhages extended to break the skin: score 4 (Count
Dow n Dow n-Under Manual).
Vat milk iodide
Vat milk samples w ere tested for iodide by Dairy Technical Services Ltd (PO box 81
Flemington, Victoria, Australia 3031) using a selective ion electrode method
(Standards Australia method AS2300.2.3-1981).
Milk production and throughput
Milk production at afternoon milkings w as measured from bulk tank quantit ies, w ith
corrections made for tanks already containing morning milk.
Throughput w as estimated as number of cows milked per hour at each sampling. the
final milking of each milking period.
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RESULTS
Climate
Minimum and maximum daily temperature and daily total rainfall for Vasse Research
Station, show n in Figure 3, are broadly representative of the w eather for all farms.
Most of the data w as collected during the driest months w hen levels of dust and
bacterial spores on teats w ere expected to be highest.
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Figure 3 Daily minimum and maximum temperature and rain fall for the trial period in
the context of seasonal patterns.
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Farm statistics
Tables 1 and 2 show  some characteristics of farms used in the investigation. Milk
production for six milkings on each of six dryland and six irrigation farms used in the
study are shown in Figure 4.
Table 1 Characteristics of farms used in the study.
Farm Farm
type
Herd
size
(cows)
Milking
plant
Number
of Milking
units
Pre-milking teat
sanitation
(Quartermate)
Feed
shed
Water
source
C11 Dryland 182 Hbone
SO*
16 No No Bore
C20 Irrigation 128 Hbone
SO
10 No Yes Dam
C33 Irrigation 155 Hbone
DU**
16 No No Dam-
irrig
C41 Dryland 277 Rotary 50 No Yes Bore
C50 Dryland 173 Hbone
SO
16 No No Well
C95 Irrigation 48 Hbone
DU
8 No No Dam-
irrig
T10 Irrigation 196 Hbone
DU
24 Yes No Dam
T13 Dryland 308 Hbone
SO
24 Yes No Bore
T55 Irrigation 165 Hbone
SO
10 Yes No Bore
T61 Irrigation 135 Hbone
DU
20 Yes No Irrig
T75 Dryland 211 Hbone
DU
20 Yes Yes Bore
T87 Dryland 421 Rotary 50 Yes Yes Rain
water
*Herringbone swing-over
** Herringbone double-up
On treatment farms, all cows treated with Quartermate for final 6 weeks of an 8 week trial
period.
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Table 2 Milking plant and post-milk sanitisers used by farms during the investigation.
Farm Pre-
milking
plant
sanitiser
Post-
milking
plant
sanitiser
Milking plant sanitiser Post milking teat spray
C11 Yes No IDYNE (Tasman Chemicals) UDDERSAN (Tasman Chemicals)
C20 Yes Yes LF12 (Alfa Laval Agri) ALFADINE 20 (Alfa Laval Agri)
C33 Yes No LF12 (Alfa Laval Agri) REDENE (Dasco)
C41 No Yes LF12 (Alfa Laval Agri) ALFADINE 20 (Alfa Laval Agri)
C50 Yes No IDYNE (Tasman Chemicals) UDDERSAN (Tasman Chemicals)
C95 Yes Yes ULT-M-8 (Klen Chemicals)*
All-In-One (post milking) (UIM
Chemical Services)
UDDERSAN (Tasman Chemicals)
T10 No No None UDDERSAN (Tasman Chemicals)
T13 No No ULT-M-8 (Klen Chemicals)* UDDER KLEN (Klen Chemicals)
T55 Yes No LF12 (Alfa Laval Agri) MASIDYNE (Campbell Bros. Ltd.)
T61 No No None REDENE (Dasco)
T75 Yes No LF12 (Alfa Laval Agri) REDENE (Dasco)
T87 No No None UDDER KLEN (Klen Chemicals)
*Non-iodophore acid sanitiser.
All farms used post-milking iodophore (0.5%) teat spray.
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Figure 4 Milk production of irrigation  and dryland farms
investigated in this study.
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Table 3 show s the mean bacteria and somatic cell counts of cluster, milking plant
and bulk tank milk samples taken from farms during the study.
Table 3 Arithmetical means of total bacteria and somatic cell counts of cluster,
milking plant, and incubated vat milk samples of irrigation and dryland farms.
Mean mesophile
count
(cfu/mL)
Mean thermophile
count
(cfu/mL)
Mean SCC
/1000/mL
Dryland Irrigation Dryland Irrigation Dryland Irrigation
Cluster 577 467 124 11 156 165
Milking plant 1759 1554 87 17 142 162
Incubated vat milk* 1599 1408 83 15
* Vat milk incubated at 10°C for 18 hours before testing.
Mesophile bacteria
Average total mesophile bacteria counts for cluster and vat milk samples w ere 523
and 2194 cfu/mL respectively for untreated cows and 520 and 646 cfu/mLl
respectively for treated cows. Average raw milk total mesophile counts w ere
signif icantly greater in pre-f ilter, pre-vat, vat and vat10 samples compared to cluster
when pre-milking teat sanitation w as not carried out (Table 4. Anovar, p<0.001).
Table 4 Mean mesophile counts of various milk samples from sampling periods 1,2 and
3-6 for treatment and control farms.
Teat
sanitation
Farm Sampling
period
Cluster Pre-filter Pre-vat Vat Vat10
No Control 1,2 528 1674 1012 1033 1275
No Treatment 1,2 398 3822 3169 5362 3278
No Control 3-6 583 1247 2391 1191 1499
Yes Treatment 3-6* 520 673 703 646 794
Cluster and milking plant total bacteria counts for individual sampling periods show ed
no correlation. In other w ords, for the farms studied, vat milk mesophile counts w ere
largely independent of the number of bacteria entering at the cluster (Figure 5).
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Higher vat compared to cluster mesophile counts w ere shown, regardless of the use
of pre- or post-milking iodophore milking plant sanitiser, in herds not using teat
sanitation (Tables 5 and 6).
Table 5 Mean and range of mesophile counts of cluster and vat milk samples and usage
of iodophore pre-milking plant sanitation  without teat sanitation.
Sample Pre-milking machine
sanitation with iodophore
Mean mesophile
count (cfu/mL)
range (cfu/mL) Number of
observations
Cluster Yes 674 84 - 1869 24
Vat Yes 1080 101 - 6445 24
Cluster No 372 31 - 736 24
Vat No 3309 357 - 32339 24
Table 6 Mean and range of mesophile counts of cluster and vat milk samples and usage
of iodophore post-milking plant sanitation without teat sanitation.
Sample Post-milking plant
sanitation with iodophore
Mean mesophile
count (cfu/mL)
range (cfu/mL) Number of
observations
Cluster Yes 285 84 - 666 18
Vat Yes 1081 175 - 3372 18
Cluster No 666 31 - 1869 30
Vat No 2862 101 - 32339 30
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Figure 5 Relationship between raw milk mesophile counts at
cluster and downstream sites of the milking plant.
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Thermophile bacteria
Variations of average thermophile counts from cluster to vat raw milks w ere similar in
treated and untreated herds (Table 7).  Average cluster and vat thermophile counts
for untreated cows w ere 90 and 58 cfu/mL respectively.  Although average cluster
and vat thermophile counts w ere low est for pre-milking sanit ised cow s, comparisons
with control data w ere not signif icant, therefore a relationship betw een low
thermophile counts and teat sanitation could not be confirmed.
Table 7 Mean thermophile counts of various milk samples from sampling periods 1,2
and 3-6 for treatment and control farms.
Teat
sanitation
Farm Sampling
period
Cluster Pre-
filter
Pre-vat Vat Vat10
No Control 1,2 187 118 109 108 132
No Treatment 1,2 38 29 30 18 18
No Control 3-6 68 61 60 53 55
Yes Treatment 3-6 21 26 35 25 25
The high thermophile counts for control farms in sampling periods 1 and 2 w ere
associated w ith farm C50. This farm w as one of two untreated herds showing
thermophile counts greater than 50 cfu/mL. In general, thermophile counts w ere
correlated w ith counts of Bacillus spp., a common soil bacterium (Figure 6). This w as
consistent w ith observations (Appendix A) that thermophiles from milk samples
consisted almost entirely of Bacillus spp. When farm C50 w as excluded from the
analysis, thermophile counts of milks from control farm sampling periods 1 and 2
were consistent w ith counts of milk from other untreated cows (Tables 8 and 9).
Levels of thermophiles w ere reduced in cluster milk samples for sampling periods 3
to 6 w hen pre-milking teat sanitation w as applied on treatment farms (Table 9).
How ever this reduction w as not statistically signif icant, possibly due to the relatively
high variation in thermophile counts in this study.
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Figure 6 Relationship between thermophile and Bacillus counts in
cluster milk samples where Bacillus spp. were detected.
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Table 8 Mean thermophile counts of various milk samples from sampling periods 1,2
and 3-6 for treatment and control farms, omitting farm C50.
Teat
sanitation
Farm Sampling
period
Cluster Pre-
filter
Pre-vat Vat Vat10
No Control 1,2 26 29 19 19 19
No Treatment 1,2 38 32 33 22 23
No Control 3-6 38 29 30 18 18
Yes Treatment 3-6 21 26 35 25 25
Table 9 Mean thermophile counts of cluster milk samples for 6 sampling periods on
control and treatment farms, with  and without farm C50 data.
Farm Sampling period
1 2 3 4 5 6
Thermophile counts (cfu/mL)
All control farms 228 146 108 31 53 81
Control (farm C50 omitted) 23 29 25 23 52 54
All treatment farms 45 30 18 17 23 27
Average thermophile counts of milking plant and cluster samples from 72 milkings
were correlated (R2=0.903) (Figure 7).
Figure 7 Relationship between raw milk thermophile
counts at cluster and downstream sites of the milking
plant.
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Teat soilage
Cluster milk samples from untreated cows w ith high and low  soiled teats had average
mesophile counts of  580 and 474 cfu/mL respectively. Corresponding thermophile
counts w ere 170 and 23 cfu/mL (Table 10). Thermophile counts in cluster samples
were very high on tw o control farms, making comparisons betw een control and
treated herds diff icult. How ever, there was little evidence that thermophile counts
were signif icantly affected by teat sanitation in this study.
Table 10 Mean  thermophile and mesophile counts of cluster samples in relation to teat
sanitation  and teat soilage.
Teat soilage Teat
sanitation
Thermophile
count
(cfu/mL)
Mesophile
count
(cfu/mL)
Number of
observations
High No 170 580 22
Low No 23 474 26
High Yes 22 545 15
Low Yes 21 479 9
Mastitis and teat condition
The number of teats recorded in each teat score category for treatment and control
farms demonstrated no adverse effect of pre-milking teat sanitation using
Quartermate on teat condit ion (Table 11). The relatively high teat condit ion scores
for treatment farms in sampling periods 1 and 2 w ere due to faulty milking plant
vacuum in the f irst sampling period on one farm.
Table 11 Teat condition score frequency on treatment and control farms for different
sampling periods.
Teat condition score*
Teat
sanitation
Farm Sampling
period
1 2 3 4
No Control 1,2 7262 48 0 6
No Treatment 1,2 11261 71 17 11
No Control 3-6 15656 45 0 5
Yes Treatment 3-6 22906 32 6 0
*score 1: normal teat.
 score 2: red discolouration and swelling.
 score 3: small haemorrhages at the teat end.
 score 4: haemorrhages extended to break the skin.
There w ere no signif icant differences in somatic cell counts of treatment and control
groups (Table 12. Anovar p=0.769). This w as consistent with eff icient detection of
mastit is-affected cows, their milk being diverted to test buckets.
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Table 12 Mean  somatic cell counts of various milk samples from sampling periods 1,2
and 3-6 for treatment and control farms.
SCC /1000
Teat
sanitation
Farm Sampling
period
Cluster Pre-f ilter Pre-vat Vat
No Control 1,2 130 97 102 135
No Treatment 1,2 173 201 189 173
No Control 3-6 140 148 145 144
Yes Treatment 3-6 187 168 168 165
Numbers of new  mastitis cases decreased in herds undergoing pre-milking teat
sanitation during sampling periods 3 to 6 (Table 13), particularly on dryland farms.
Reductions of new  mastitis w ith pre-milking teat sanitation w ere evident in cows
regardless of whether they were greater or less than 60 days lactation ??(Table 14).
Table 13 Rates of new mastitis cases in  treated and untreated herds on dryland and
irrigated farms for four sampling periods.
Sampling period
Pre-milking teat
sanitation
Farm type 3 4 5 6
New mastitis cases / 100cows
No Dryland 0.55 1.71 2.03 2.48
No Irrigation 1.86 0.69 1.86 0.88
No Irrig/dry 1.20 1.20 1.94 1.68
Yes Dryland 1.40 1.09 0.42 0.67
Yes Irrigation 1.46 1.57 1.01 1.19
Yes Irrig/dry 1.43 1.33 0.72 0.93
Table 14 New cases of mastitis in  treated and untreated cows more or less than  60
days lactation.
Sampling period
3 4 5 6
New mastitis/100 cows
PMTS* 0.46 0.53 0.13 0.17More than 60 days
lactation No PMTS 1.11 0.56 0.95 0.82
PMTS 0.97 0.80 0.58 0.77Less than 60 days
lactation No PMTS 0.09 0.78 0.87 0.86
*PMTS: Pre-milking teat sanitation
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Milk production and throughput
On treatment farms, average milk production for periods 1 and 2 (untreated) and
periods 3 to 6 (treated) w ere 9.09 and 9.43 litres per cow per milking respectively.
Marginally higher milk production of pre-milking teat sanitised cow s (Table 15) w as
consistent betw een individual farms as show n in Table 16.
Numbers of cows milked per hour w as not signif icantly different for treated and
untreated periods (Table 16). Extra labour w as employed to carry out pre-milking teat
sanitation on most farms.
Table 15 Milk production and throughput for sampling periods 1,2 and 3-6 for
treatment and control farms.
Sanitation Farm Sampling period Milk production
(litres/cow/milking)
Throughput
(cows/hour)
No Control 1,2 8.53 103
No Treatment 1,2 9.09 133
No Control 3-6 9.36 111
Yes Treatment 3-6 9.43 127
Table 16 Average milk production on  treatment farms for periods 1,2 and 3-6.
Farm Milk production (L/cow/milking)
No teat sanitation (periods 1,2) Teat sanitation (periods 3 - 6)
T10 6.53 7.14
T13 10.65 11.35
T55 7.24 7.46
T61 6.69 6.77
T75 10.79 10.80
T87 12.65 13.08
A trend tow ards greater production benefits for larger herds was suggested by the
relationship betw een milking herd size and total milk production (Figure 8).
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Figure 8 Milk production of cows in  relation  to pre-milking teat
sanitation.
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Vat milk iodide
The average consumption of Quartermate on all treatment farms w as
17 mL/cow /milking. Farm T55 consumed relatively low  amounts (Table 17).
Table 17 Quartermate usage and mean vat milk iodine levels on  farms.
Farm
Quartermate
consumed*
(mL/cow /milking)
Pre-milking
iodophore
machine
sanitation
Post-milking
iodophore
machine
sanitation
Mean vat milk
iodide
(µg/L)
C11 0 Yes No 180
C20 0 Yes Yes 358
C33 0 No No 205
C41 0 No Yes 463
C50 0 Yes No 292
C95 0 No Yes 118
T10 25 No No 130
T13 20 No No 385
T55 7 Yes No 240
T61 17 No No 158
T75 16 Yes No 808
T87 19 No No 173
* Quartermate consumed during periods 3-6 on treatment farms.
Signif icantly higher vat milk iodide levels w ere recorded for farms using pre-milking
iodophore milking plant sanit iser. Pre-milking teat sanitation w as associated w ith vat
iodide levels greater than 500 µg/L only for farms that also sanitised milking plant
with iodophore before milking (Table 18).
Table 18 Mean  vat milk iodide levels with  pre-milking teat sanitation and sanitation
of milking plant with  iodophore.
Pre-milking
teat sanitation
Iodophore pre-milking
machine sanitation
No iodophore pre-
milking machine
sanitation
Mean vat milk iodide (µg/L)
Yes 550 224
No 338 240
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Overall, mean vat milk iodide levels of herds w ith high teat soilage w ere signif icantly
higher than those w ith low  teat soilage (356 and 235 µg/L iodide respectively).
Dryland farms w ere also associated w ith higher vat milk iodide levels (Table 19).
Table 19 Mean  vat milk iodide levels in relation to teat soilage and farm type.
Teat
sanitation
Farm type Teat soilage
Dryland Irrigation High Low
Vat milk iodide (µg/L)
Yes 450 186 407 193
No 364 205 319 253
Vat milk mesophile counts w ere highest on farms that used neither milking plant, nor
pre-milking teat, sanitation (Tables 20, 21). Reductions of mesophile counts of vat
milk compared to cluster milk w ere greatest w here pre-milking teat sanitation w as
used. Post milking iodophore plant sanitation appeared to have little effect in
controlling mesophiles originating from the milking plant (Table 21).
Table 20 Mesophile and thermophile counts of cluster and vat milks in  relation  to pre-
milking teat and plant iodophore sanitation.
Pre-milking  teat
sanitation
Pre-milking iodophore
machine sanitation
Mesophile count
(cfu/mL)
Thermophile count
(cfu/mL)
Cluster milk Vat milk Cluster milk Vat milk
No Yes 674 1080 160 101
No No 372 3309 21 15
Yes Yes 452 803 37 44
Yes No 554 567 13 16
Table 21 Mesophile and thermophile counts of cluster and vat milks in  relation  to pre-
milking teat sanitation and post-milking iodophore plant sanitation.
Pre-milking  teat
sanitation
Post-milking iodophore
machine sanitation
Mesophile count
(cfu/mL)
Thermophile count
(cfu/mL)
Cluster milk Vat milk Cluster milk Vat milk
No Yes 666 2230 138 101
No No 285 1632 10 11
Yes Yes 520 673 21 26
Yes No * * * *
* No data available.
-23-
Usage of milking plant iodophore sanitisers by farmers w as related to teat soilage
(chi-squared, p<0.001). The number of milkings w here pre-milking plant sanitation
was used w as highest w here teat soilage and Bacillus and thermophile counts w ere
also high (Table 22).
Table 22 Number of milkings, vat milk iodide levels, Bacillus, thermophile and
mesophile counts, in  relation to pre-milking iodophore plant sanitation  and different
levels of teat soilage.
Teat soilage Iodophore No iodophore
Number of milkings
High 25 12
Low 7 28
Vat milk iodide (µg/L)
High 458 335
Low 291 160
Mean Bacillus count (cfu/mL)
High 210 14
Low 23 17
Mean vat milk thermophile count (cfu/mL)
High 101 12
Low 35 17
Mean vat milk mesophile count (cfu/mL)
High 1071 2325
Low 796 2164
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Figure 9 Relationship between cluster milk Bacillus counts
and vat milk iodide levels on  farms other than  C11 and C50.
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The scale of relationships betw een vat milk iodide levels and Bacillus and
thermophile counts w as farm dependent. In particular, farms C11 and C50 had
relatively high Bacillus and thermophile counts that w ere correlated w ith vat milk
iodide (Figures 9 - 12).
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Figure 10 Relationship between cluster milk Bacillus counts and vat
milk iodide levels for farms C11 and C50.
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Isolation of bacteria from cluster milk samples
Numbers and types of bacteria isolated from cluster milk samples suggested a low er
rate of isolation of S. epidermidis and Bacillus spp. from cows that had pre-milking
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Figure 11 Relationship between cluster milk thermophile counts
and vat milk iodide levels on  farms other than  C11 and C50.
Figure 12 Relationship between cluster milk
thermophile counts and vat milk iodide levels on
farms C11 and C50.
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teat sanitation. Enteric and pseudomonad bacteria w ere isolated in small numbers
compared to other environmental organisms. Low  counts were also recorded for
common mastitis associated bacteria, but only S. agalactiae w as not detected overall
(Table 23).
The difference between cluster and vat milk mesophile counts was accentuated
when coryneforms, Micrococcus, Microbacterium, Leuconostoc, and Streptococcus
spp. were isolated from c luster milks in herds that used neither pre-milking teat
nor pre-milking plant sanitation. Bacillus spp. and mastitis bacteria were not
associated with higher mesophile counts in milking plant compared to cluster milk
samples (Tables 24 and 25).
Table 23 Bacteria isolated from cluster milks at sampling periods 1,2 and 3-6, in
relation  to pre-milking teat sanitation.
Sampling period
1,2 3-6 3-6
Pre-milking teat sanitation
No No Yes
Bacterial isolate Number
of
isolates*
Mean
count **
(cfu/mL)
Number
of
isolates*
Mean
count **
(cfu/mL)
Number
of
isolates*
Mean
count**
(cfu/mL)
Total No.
isolates
Bacillus spp. 9 119 10 116 7 18 26
Enteric bacteria 0 2 23 3 104 5
Pseudomonads 1 2 1 11 1 17 3
Gram pos
cocci/rods
8 44 7 80 6 67 21
S. epidermidis 13 141 15 189 7 57 35
Coryneforms 6 26 6 51 10 113 22
S. agalactiae 0 0 0 0
S. aureus 5 31 4 15 6 51 15
S. dysgalactiae 2 15 3 40 1 31 6
S. uberis 3 40 1 16 4 28 8
Total No isolates 47 49 45 141
*120 observations in each sampling period
**Mean of detected isolates.
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Table 24 Mesophile counts of cluster and vat milk samples in relation to major
bacterial groups isolated from cluster milks.
No pre-milking
teat sanitation
No milking plant
sanitation
Neither pre-milking
teat nor milking
plant sanitation
Cluster Vat Cluster Vat Cluster Vat
Bacteria type detected in cluster
milk Mesophile count (cfu/mL)
Gram pos cocci/rods not isolated* 525 1819 385 1661 366 2628
Gram pos cocci/rods isolated 504 3123 566 3357 373 4550
Coryneforms not isolated 591 2006 492 2184 412 3154
Coryneforms isolated 313 2920 361 2301 270 3898
S.epidermidis not isolated 335 2053 462 1738 218 3174
S.epidermidis isolated 636 2367 427 2740 466 3512
Mastitis bacteria not isolated** 555 2388 492 2247 430 3503
Mastitis bacteria isolated 455 1998 369 2193 274 3189
Bacillus spp. not isolated 435 2844 464 2527 364 3735
Bacillus spp. isolated 636 1391 369 1058 392 1692
*Micrococcus; Microbacterium; Leuconostoc; Streptococcus spp.
**S. aureus; S. dysgalactiae; S. uberis. (S. agalactiae was not isolated from any samples).
Table 25 Percentage increase of total mesophile counts in  the milk line in  relation to
types of bacteria present in cluster milk when  no pre-milking teat sanitation  was
carried out.
Bacterium Increase in mesophile count from cluster to vat*
(%)
When bacterium present in
cluster milk
When bacterium absent from
cluster milk
Coryneforms 833 239
Gram pos cocci/rods 520 246
Mastitis bacteria 339 330
S. epidermidis 272 513
Bacillus spp. 119 554
*Calculated from data in Table 24.
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There w as no signif icant difference in mesophile and thermophile counts of vat milks
stored at 4°C and 10°C for 18 hours (Table 26).
Table 26 Comparison  of mean  mesophile and thermophile counts of vat milk samples
stored at 4°C and 10°C.
Pre-milking
teat
sanitation
Bacterial type Vat milk stored at 4°C Vat milk stored at 10°C
Mean bacteria count (cfu/mL)
No Thermophile 58 63
No Mesophile 2194 1884
Yes Thermophile 25 25
Yes Mesophile 646 794
Economic considerations
An accurate cost benefit analysis would require a longer trial period on a larger
number of farms. How ever some relevant economic considerations are listed in
tables 27 and 28.
Assuming 4 weeks to achieve the maximum effect of Quartermate, the number of
new cases of mastitis increased by 0.61 per 100 cows in control herds and
decreased by 0.56 per 100 cows in treated herds, with a net gain of 1.17 per 100
cows (Table 10). If the beneficial effect of Quartermate was maintained at this
rate, there would be a saving of $A23 and $A63 per 100 cows per week for mild and
severe cases of mastitis respectively, not including cull cows. In dryland situations
where the rate of environmental mastitis may be higher, there was an estimated
saving of $A35 and $A99 per 100 cows per week for mild and severe mastitis
respectively.
Table 27 Costs of pre-milking teat sanitation.
Labour (1 unit) for pre-milking teat sanitation on treatment farms* $A35.00/milking
Paper towels $A0.0135/cow/milking
Quartermate Not available
*Varies between farms. Some farms were able to treat without employing an additional labour
unit.
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Table 28 Benefits of pre-milking teat sanitation .
Reduction of new mastitis
Cost of mastitis (includes treatment and loss of milk income)*
MILD CASES (/cow, 7 days treatment)
SEVERE CASES (/cow, 12 days treatment)
VALUE OF CULL COW
$A77.48
$A217.01
$A780.00
Reduced contribution of milking plant to total bacteria count** Prevented 4-fold increase in
total bacteria count
Better milk flow Anecdotal reports of better
milk flow
Reduction of spore count 70% reduction***
Reduction of soil residues
Evidence that soil chemicals
such as iodine increased
linearly with soil-borne
bacteria.
* Based on actual costs, 2001. Reference?
**There is a difference in W.A. of 0.4 cents/L between grade 1 and grade 2 milk which are
separated by a threshold of 10,000 cfu/mL total bacteria.
***Depiazzi and Bell (1997).
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DISCUSSION
The use of sterilised assemblies to collect cluster milk samples was a critical step
in differentiating numbers of bacteria originating from cows and milking plants.
The results showed that pre-milking teat sanitation was associated with reduced
numbers of mesophiles in milking plants. Some possible reasons for this are:
1. Machine bacteria were killed by residual Quartermate pre-milking teat
sanitiser.
2. Teat sanitation prevented bacteria shedding from the milk line during milking.
3. Bacterial populations from sanitised teat surfaces were not prone to colonising
and multiplying in milking plants during the inter-milking period.
It was unlikely that residual teat sanitation iodophore had a significant effect
because of the high dilution factor. Relatively high milking plant mesophile counts
occurred in some instances when pre- or post- iodophore milking plant sanitisers
were used. This was particularly evident on one treatment farm which had
relatively high vat milk mesophile counts and vat milk iodide levels greater than
700 µg/L.
Bacterial adhesion is affected by the surrounding medium. However, any effect of
milk-borne iodide on adhesion of bacteria to milking plant surfaces would be
mitigated by dilution of residual sanitiser.
There were differences in bacterial populations of cluster milk from sanitised and
non sanitised cows. Bacillus and S. epidermidis counts were lower in c luster milk
samples collected from pre-milking teat sanitised cows. Bacillus is associated with
soiled teats and S. epidermidis is part of the normal teat flora, so these bacteria
are likely to be affected by teat sanitation. Differences in bacteria counts between
cluster and milking plant samples were evident for mesophiles but not
thermophiles. Ther mophiles, which consisted almost entirely of Bacillus spp., were
unlikely to be involved in the relatively high bacteria counts associated with
milking plants when teats were not sanitised.
Bacterial identifications were only carried out on cluster milk samples, so bacteria
related to high counts in the milking machine were not specifically identified.
However, Micrococcus, Microbacterium, Leuconostoc and Streptococcus spp. are
recognised contaminants of milking plant and we speculate that they may have
been inhibited from colonising milking machines by Quartermate pre-milking teat
sanitation.
Previous local research showed that Bacillus spore counts in vat milk were reduced
70 per cent by pre-milking teat sanitation (Depiazzi and Bell, 1997). Spore counts
were not estimated in this trial, so no conclusions can be drawn on possible
differential effects of teat sanitation on spores and vegetative thermophiles.
The broad objective of this study was to develop a greater understanding of the
ecology of raw milk bacteria and prevent high bacteria counts. Total bacteria
counts of raw milk from Western Australian farms under the most hygienic
environmental conditions, without teat sanitation, are less than 100 cfu/mL. This is
a useful  benchmark in studies of environmental contamination of raw milk which
occurs via teat soilage. These studies are augmented by estimates of
environmental chemicals such as iodide.
Vat milk iodide levels above 500 µg/L in this study were associated with pre-
milking plant sanitation with iodophore sanitiser. This association is well known
and current low levels of residual iodophore sanitiser in milking plant is thought to
-31-
contribute to critically low levels of iodine in the human population (Li et
al.,2001).
Pre-milking teat sanitation with Quartermate (0.1% iodophore, sprayed on)
increased vat milk iodide levels by 40 µg/L above a baseline contribution from 0.5%
iodophore post-milking teat spray. This compares with an increase of 60 µg/L in a
previous study using 1% iodophore pre-milking teat dip without iodophore post dip
(Galton et al., 1984, 1986; Hemling, 2001). A preliminary investigation at Vasse
Research Station (unpublished data) revealed an increase of 60 µg/L iodide in
cluster milk when teats were not wiped dry after application of Quartermate pre-
milking teat sanitiser. Thus vat milk iodide levels over the acceptable limit of 500
µg/L would not be expected from pre-milking teat sanitation even if teat wiping
was inadvertently omitted.
Positive correlations found between cluster milk thermophile or Bacillus counts and
vat milk iodide levels were probably due to soil contamination of teats and milk.
Vat milk iodide was highest in milk from cows showing high teat soilage scores.
However, there appeared to be at least two major factors affecting vat milk iodide
levels. High thermophile and Bacillus counts (> 50 cfu/mL) were correlated linearly
with vat milk iodide on two farms. In these cases small amounts of vat milk iodide
were associated with large amounts of soil bacteria. On other farms, relatively high
concentrations of vat milk iodide were associated with pre-milking iodophore plant
sanitation and low levels of soil bacteria.
Vat milk mesophile counts at the upper end of the range were found only on farms
that used neither Quartermate teat sanitation nor milking plant iodophore
sanitisers. Usage of pre-milking iodophore plant sanitisers was also highest for
herds that had high teat soilage scores, although mesophile counts were not
significantly affected by levels of teat soilage. There was some evidence that pre-
milking teat sanitation to remove colonising bacteria was marginally more effective
than pre-milking, and much more effective than post-milking, plant sanitisation.
However more specific data on teat versus machine sanitation is required to
determine relative efficacies.
Numbers of mastitis cases per 100 cows were reduced during periods of premilking
teat sanitation compared to non sanitised herds. This trial was not intended to give
definitive results on efficacy in preventing mastitis. However, reductions of new
mastitis cases were consistent with results of other research on pre-milking teat
sanitation (Pankey and Drechsler, 1993).
In conclusion, it is likely that pre-milking teat sanitation reduced the intake of
Bacillus spp. and S. epidermidis at the cluster, and reduced the colonisation of
milking plants by Micrococcus, Microbacterium, Leuconostoc, non-mastitis
Streptococci , coryneforms and S. epidermidis. However additional bacteria
identification work is needed to confirm the types of bacteria involved in milking
plant colonisation.  There was little evidence that post-milking plant sanitation
reduced mesophile bacteria originating from the milking plant. Pre-milking teat
sanitation was associated with fewer new cases of mastitis. The use of
Quartermate iodophore pre-milking teat sanitiser  introduced on average 40 µg/L
iodide to raw milk. The relationship found between vat milk iodide and soil
bacteria suggested that chemical and soil contamination of raw milk is still an issue
in milk quality assurance, possibly requiring preventative techniques such as pre-
milking teat sanitation when the risk of environmental contamination of teats is
high.
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APPENDIX A
Preliminary experiment 1.
Aims
1. To measure changes in bacteria counts of pre-vat milk in the first six batches of
cows during milking at Vasse Research Station.
2. To determine the effect of pre-milking teat cleaning and sanitation on
mesophile and spore counts of pre-vat milk.
Method
Samples of milk entering the vat were collected for the first six batches of cows
milked at ten consecutive milkings at Vasse Research Station at a time when a
“one-shot” milking plant cleaner was being used. Total mesophiles and spores were
counted in 60 milk samples using the pour plate (Standards Australia AS 1766.1.3
1991)
At each milking, teats of the first three batches of cows were cleaned with water
and dried before milking. Teats of cows in the final three batches at each milking
were not cleaned. In addition, teats were sanitised pre-milking with Quartermate
for the final five milkings, but not for the first five.
Results
Mesophile counts of pre-vat milk decreased and spore counts increased with each
batch of cows milked (Anovar, p<0.001). Most of the reduction of mesophiles
occurred between the first and second batch of cows (Table 1A).
Spore, but not mesophile, counts of pre-vat milk were reduced by pre-milking teat
preparations, particularly when Quartermate sanitation was used in conjunction
with teat cleaning (Anovar, p<0.001).
Mesophile counts returned to former levels during inter-milking periods for most
milkings (Figure 1A). In contrast, spore counts usually decreased during inter-
milking periods (Figure 1B).
Table 1A Effect of pre-milking teat sanitation and cleaning on mesophile and spore
counts of pre-vat milk.
Teats cleaned Teats not cleaned
Batch of cows milked
1 2 3 4 5 6Microbe
Teat
sanitation with
Quartermate
Log cfu/mL
Mesophile Yes 3.83 3.49 3.48 3.20 3.29 3.25
No 4.03 3.31 3.09 3.03 2.72 3.03
Spore Yes 0.00 0.00 0.06 0.24 0.40 0.41
No 0.55 0.32 0.40 0.60 0.85 0.74
Mean iodine levels of pooled pre-vat milk samples were 310 and 228 µg/L with and
without Quartermate pre-milking teat sanitation respectively.
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Discussion
Total mesophile contamination of pre-vat milk is largely the sum of environmental,
mastitis and milking plant bacteria. Spore contamination of bulk tank milk  in
Western Australia had previously been shown to originate almost entirely from the
teat surface (Depiazzi and Bell, 1997). This was confirmed by the results which
showed a reduction of spore counts in milk from teats that were sanitised with
Quartermate or cleaned.
The reduction of mesophile counts as milking progressed suggested that a
significant number of bacteria were flushed off the milking plant during milking.
Total bacteria counts returned to about log 4 cfu/mL by the start of each milking,
further pointing to a microbial colonisation of the milking plant that had adapted
to the milk harvesting and cleaning processes at the time of the experiment.
The increase of spore counts observed during milking may be due to changes in
absorption of spores. Spores are more adhesive than vegetative mesophiles (Ronner
et al., 1990) and may have reached saturation on filters and other surfaces as
milking progressed. Consistent with increases of mesophile counts during inter-
milking periods, the accumulated spores possibly germinated at the same time.
Further work on milking machine microbes is required to test these hypotheses.
Reference
Ronner, U., Husmark and Uhenriksson, A. (1990). Adhesion of bacillus spores in
relation to hydrophobicity. Journal of Applied BacteriologyJ. Appl. Bacteriol.
69:550-6.
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Consecutive milkings (6 batches per milking)
Figure 1A Mesophile counts of pre-vat milk for the first six batches of cows at
ten  consecutive milkings at Vasse research  Station.
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Figure 2A Spore Counts of pre-vat milk for the first six batches of cows in  ten
consecutive milkings at Vasse Research  Station.
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APPENDIX B
Preliminary experiment 2.
Aims
1. To correlate spore and thermophile counts in milk from eight Western
Australian dairy farms.
2. To examine relationships between cluster and pre-vat microbial counts.
3. To determine the effect of pre-milking teat sanitation on mesophile,
thermophile and spore counts of cluster, pre-filter and pre-vat milk.
4. To compare mesophile, thermophile and spore counts in milk samples from the
first five batches of cows at each milking.
Method
Milk samples were collected from c luster, pre-filter and pre-vat sites of milking
machines for the first five batches of cows in four consecutive afternoon milkings
at eight farms in Western Australia. The eight “farms” included six commercial
farms plus spring and summer samplings at Vasse Research Station. On each farm,
teats of all cows were sanitised before milking with Quartermate on the second
and fourth milkings.
Total aerobic mesophile bacteria, thermophile (55°C incubation) and spore counts
were carried out on all milk samples using Standards Australia (AS 1766.1.3 1991)
methods. For cluster samples, milk from at least 10% of the herd was collected by
a drip sampler on the long tube of the cluster, and individual cow samples were
pooled for each batch of cows.
Results
Correlation of spore and thermophile counts
Spore and thermophile counts of cluster milk samples were correlated (Figure 1B).
This was consistent with the results of microbiological examinations which showed
that thermophile colonies were sporeforming bacteria, consisting almost entirely of
Bacillus species with a few Thermoactinomyces species.
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Relationships between cluster and pre-vat counts
There was a better correlation of cluster and pre-vat counts for spores than for
mesophiles (Figures 2B and 3B).
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Figure 1B Relationship between spore and thermophile counts of
cluster milk samples.
Figure 2B Relationship between spore counts of cluster and pre-
vat milk samples.
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Effect of pre-milking teat sanitation
Mean mesophile and spore counts from dryland and irrigation farms that were
sampled in either spring or summer are shown in Table 1B.
Mesophile, thermophile and spore counts were significantly lower in cluster
samples when Quartermate pre-milking teat sanitation was applied (Anovar, p<
.001). However, in this study, there was no significant effect of pre-milking teat
sanitation on mesophile counts in pre-filter and pre-vat samples (Table 2B). Pre-vat
mesophile, but not spore and thermophile, counts were significantly greater than
corresponding cluster counts (Anovar, p<.001).
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Figure 3B  Relationship between cluster and pre-vat mesophile
counts.
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Table 1B Environmental characteristics and mean microbial counts of farms used in
the investigation .
Mesophiles Spores
Pre-milking
teat
sanitation
No pre-
milking teat
sanitation
Pre-milking
teat
sanitation
No pre-
milking teat
sanitation
Farm Farm
type
Season
when
sampled
Sample
cfu/mL cfu/mL
A dryland Spring Cluster 846 810 0.1 0.2
Pre-filter 621 1605 0.1 0.3
Pre-vat 527 1304 0.1 0.1
B dryland Summer Cluster 801 873 10.0 12.2
Pre-filter 785 623 11.1 8.2
Pre-vat 838 677 23.9 11.8
C dryland Spring Cluster 432 313 7.3 9.8
Pre-filter 1394 2412 8.5 11.9
Pre-vat 1474 3063 6.3 12.0
D Irrigation Summer Cluster 182 347 5.5 8.7
Pre-filter 827 479 7.2 15.1
Pre-vat 574 913 4.3 10.2
E Irrigation Spring Cluster 52 140 1.1 1.7
Pre-filter 67 192 1.7 1.8
Pre-vat 72 154 1.6 1.6
F dryland Spring Cluster 102 933 1.0 1.8
Pre-filter 144 250 1.8 2.0
Pre-vat 255 965 1.7 1.6
V1* dryland Spring Cluster 501 406 1.4 4.0
Pre-filter 1384 1414 1.8 4.2
Pre-vat 1842 1427 2.0 3.2
V2* dryland Summer Cluster 77 233 5.0 14.8
Pre-filter 579 496 7.0 18.0
Pre-vat 870 751 7.0 15.5
*Vasse Research Station
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Table 2B Mesophile and spore counts of cluster, pre-filter and pre-vat milk samples,
with  and without pre-milking teat sanitation.
Mesophiles Spores
Sample Pre-milking
teat
sanitation
No pre-
milking teat
sanitation
Pre-milking
teat
sanitation
No pre-
milking teat
sanitation
Log10 cfu/mL Log10 cfu/mL
Cluster 2.102 2.410 0.518 0.692
Pre-filter 2.548 2.631 0.608 0.739
Pre-vat 2.606 2.717 0.594 0.685
LSD* at 5% level = 0.1483 LSD at 5% level = 0.0830
Cyclical reductions of mesophile, thermophile and spore counts are shown in
Figures 4B and 5B with Quartermate being applied on alternate milkings.
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Figure 4B Mean  mesophile counts at four successive milkings (mean  values
from eight farms).
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Variation of microbial counts in batch milked cows.
There was no significant variation of mesophile, spore or thermophile counts in
milk samples from different batches of cows during milking (Table 3B).
Table 3B Mesophile and spore counts of cluster, pre-filter and pre-vat samples from
the first five batches of cows milked.
Microbe Sample
Batch of cows milked
1 2 3 4 5
Log10 cfu/mLl
Mesophile Cluster 2.155 2.250 2.268 2.273 2.336
Pre-filter 2.682 2.638 2.527 2.534 2.573
Pre-vat 2.759 2.631 2.666 2.527 2.729
Spore Cluster 0.534 0.561 0.640 0.617 0.672
Pre-filter 0.733 0.614 0.680 0.640 0.700
Pre-vat 0.702 0.574 0.620 0.610 0.691
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Figure 5B Mean  thermophile and spore counts of cluster milks at
four successive milkings (mean  values from eight farms).
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Discussion
Spore and thermophile counts of raw milk were correlated. Both counts were
unchanged between cluster and pre-vat. In contrast, mesophile counts were
significantly altered as milk was conveyed from cluster to pre-vat.
The effect of pre-milking teat sanitation varied significantly between farms.
However, Quartermate reduced both mesophile and spore counts at cluster and
pre-vat levels. The reduction was not significant at the pre-filter level for
mesophiles, which is consistent with alterations of total bacteria in the milking
plant that was not dependent on bacteria loadings at the cluster.
There was a consistent reduction of spore and thermophile counts of pre-filter and
pre-vat samples between the first and second batch of cows milked that was not
statistically significant. Such reductions were observed earlier at Vasse Research
Station (Appendix A). Mesophile counts were at least 1 log higher in the earlier
observations in appendix A compared to this experiment, which may account for
some of the variation in results.
